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The presence and spread of invasive tree species have caused great ecological and
economic damages. Previous studies usually ignored the role of socioeconomic factors
and seldom treated presence and abundance as different phenomena. Using Classification
and Regression Trees (CART) analysis, important driving factors affecting the presence
and abundance of invasive tree species in Mississippi were identified. Then these selected
important factors were spatially analyzed using a spatial lag model at the plot and county
levels. The empirical results from the spatial lag model showed that: 1) presence was
associated with elevation, ownership, population density and per capita annual income; 2)
abundance was related to stand age, elevation, growing stock and per capita annual
income. These findings suggested that socioeconomic factors besides ecological factors
played a significant role and factors affecting the presence and abundance were different.
Thus, management prescriptions to monitor and control invasions should depend on
difference factors.
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CHAPTER I
INTRODUCTION
Along with the sustained exploration and colonization by Europeans in the past
500 years, introduced exotic plant species have emerged accidently through international
trade and grown at an unexpected rate in the United States (Novak and Mack 2001).
Some plant species are beneficial while others are harmful. Pimentel et al. (2005)
reported that introduced food crops such as corn, wheat, rice and livestock species
including cattle and poultry provided over 98% of the food system with a value of nearly
$800 billion every year. However some introduced plant species caused ecological and
economic losses in agriculture, forestry and other ecosystems. Gavier-Pizarro et al.
(2010) indicated that invasion of non-native plant species could cause ecosystem
degradation and biodiversity loss due to its abilities to change nutrient cycling, energy
budget and fire regimes of native plant species. Besides, environmental damages and
losses due to invasive alien species in the United States have added up to $120 billion
dollars per year, out of which exotic plants alone account for $25 billion dollars annually
(Gavier-Pizarro et al. 2010; Pimentel et al. 2005).
Theoharides and Dukes (2007) classified four spatiotemporal stages in the
invasion process: transport, colonization, establishment, and landscape spread. Webster et
al. (2006) believed that actions for eradication should be done during the establishment
phase or earlier. Nevertheless, invaded forestlands should also be rescued in case of more
1

severe invasions. Due to the different attitudes towards eradications before and after the
establishment phase, studying if the presence and abundance of invasive tree species are
influenced by same factors is important.
Ecological factors such as road density, stand age (Flory and Clay 2006), growing
stock (Fan et al. 2012), disturbance (Fan et al. 2012; Levine and Feller 2004) have been
cited as potential factors that influence invasion. Besides ecological factors,
socioeconomic activities played a fundamental role in the presence of invasive tree
species (Hussain et al. 2008; Pimentel et al. 2005). Hussain et al. (2008) found that
economic factors including ownership and disturbance activity had significant effects on
abundance of invasive tree species on Alabama forestlands. Therefore, both ecological
and socioeconomic factors should be considered in this research.
According to the annual report by Mississippi State University in 2016, 65% of
the lands are covered by forests and the total value of Mississippi’s timber crop is $1.4
billion in 2016, which is almost 20% of total production values from agriculture, forestry
and veterinary (Mississippi State University Division of Agriculture 2016). Mississippi
forestlands have been invaded by trees, shrubs, vines, grasses and ferns in different
degrees. Considering that various invasion patterns and growth characteristics of these
categories may influence accuracy of analysis, this project will focus on invasive tree
species only. Therefore, identifying ecological and socioeconomic factors contributing to
the presence and abundance of invasive tree species and taking effective actions to
combat invasions are more meaningful and valuable in the state of Mississippi than other
states.

2

The specific objectives of the thesis are to: 1) identify ecological and
socioeconomic factors that influence target invasive tree species’ presence and abundance
on Mississippi forest plots; 2) select important driving factors through classification and
regression trees (CART) analysis to cluster similar factors into homogeneous groups; 3)
spatially analyze these selected factors affecting the presence and abundance of target
invasive tree species both at the plot and county levels.

3

CHAPTER II
LITERATURE REVIEW
2.1

Literature Review for Invasive Tree Species
The invasive tree species were selected from Southern Nonnative Invasive Plant

data Extraction Tool (SNIPET). SNIPET was a redesign of the original Southern FIA
Nonnative Invasive data tool and has been updated with data processed with the most
current version of the National Information Management System. It recorded the
information of invaded plots. In this project, any invasive tree species that recorded on
Mississippi forestlands during year 2009 to 2015 were chosen as target species and
reviewed for their growth habits and introduction histories, which included tree of heaven
(Ailanthus altissima), silktree/mimosa (Albizia julibrissin), princesstree (Paulownia
tomentosa), chinaberry (Melia azedarach) and Chinese tallow (Triadica sebifera).
2.1.1

Tree of heaven
Ailanthus altissima, commonly known as tree of heaven, is a medium-sized

deciduous tree native to northeast and central China (Figure 2.1). It can grow up to 80
feet in height and 6 feet in diameter. The tree grows rapidly and reaches a height of 49
feet in 25 years (Miller 2003). Strong foul odors such as those from peanuts or cashews
emit from flowers and other parts. This tree is short-lived and rarely lives more than 50
years. The tree colonizes by root sprouts and spreads by prolific wind and water
dispersed seeds. Even two or three-year-old trees can produce viable seeds. The tree can
4

vigorously resprout, which makes it difficult and time-consuming to eradicate. It has a
strong ability to colonize disturbed areas and suppress competition from other plants
through allelopathic chemicals of seed germination and seedling growth. The chemical is
most abundant in the bark, especially of roots, intermediate in leaflets, and low in wood
(Heisey 1990).
In ancient China, it is used to cure ailments ranging from mental illness to
baldness. The roots, leaves and barks are still used as an astringent in traditional Chinese
medicine. The tree is first introduced to Europe in the 1740s and then to the United States
from Europe in 1784. However, later it is abandoned for its suckering habits and foul
smell. This tree has been listed as a noxious weed in Australia, the United States, New
Zealand and many countries of central, eastern and southern Europe. In North America,
tree of heaven is present from Massachusetts in the east, west to southern Ontario,
southwest to Texas, and east to the north of Florida. On the west coast, it is found from
New Mexico and north to Washington (Figure 2.2).

Figure 2.1

Foliage of tree of heaven (Ailanthus altissima) in the United States.

Photo courtesy of Chuck Bargeron, University of Florida, Bugwood.org.
5

Figure 2.2

Distribution map of tree of heaven (Ailanthus altissima) in the United
States by county.

Modified image from EDDMapS. 2017. Early Detection & Distribution Mapping
System. The University of Georgia - Center for Invasive Species and Ecosystem Health.
Available online at http://www.eddmaps.org/; last accessed March 16, 2017.
2.1.2

Silktree/Mimosa
Albizia julibrissin, commonly known as silktree or mimosa, is a small deciduous

leguminous tree up to 10 to 50 feet in height (Figure 2.3). The bark is dark greenish grey
in color and striped vertically as it becomes older. The seeds can be used as a food for
livestock. Feathery and fernlike leaves slowly close at night and on rainy days. It has
fragrant showy pink blossoms from May to July. Its leaf texture and flowers make it as an
ornamental plant.
On the one hand, it can produce numerous seeds and survive through long periods
of drought. It tends to grow in dry plains, sandy valleys and uplands. It is also
allelopathic to its neighbors and undergrowth. These two traits make silktree an invasive
tree species.

6

Original habitats of this species range from Iran and the Republic of Azerbaijan to
China and Korea. The tree is introduced in 1745 for ornamental purposes and potentially
for forage and biofuel. The tree has spread from southern New York, New Jersey and
Connecticut, west to Missouri and Illinois, and south to Florida and Texas (Figure 2.4).

Figure 2.3

Foliage of silktree/mimosa (Albizia julibrissin) in the United States.

Photo courtesy of Rebekah D. Wallace, University of Georgia, Bugwood.org
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Figure 2.4

Distribution map of silktree/mimosa (Albizia julibrissin) in the United
States by county.

Modified image from EDDMapS. 2017. Early Detection & Distribution Mapping
System. The University of Georgia - Center for Invasive Species and Ecosystem Health.
Available online at http://www.eddmaps.org/; last accessed March 16, 2017.
2.1.3

Princesstree
Paulownia tomentosa, commonly known as princesstree, is a deciduous tree

(Figure 2.5). It can grow up to 60 feet in height and 2 feet in diameter (Swanson 1994).
The large heart-shaped leaves have fuzzy hairy on both sides. The fragrant flowers are
produced before the leaves in early spring. The fruit is dry egg-shaped capsule 3-4 cm
long, containing numerous tiny seeds, which can be dispersed by wind and water. The
tree is tolerant of pollution and its roots prevent soil erosion. It can survive wildfire
because its roots can regenerate new and fast-growing stems. The tree is an extremely
fast-growing tree and used for timber production in China but it is shade intolerant.
The tree is native to central and western China. In the 19th century, the soft,
lightweight seeds are used as a packing material before the development of polystyrene
packing. Packing case would often leak or burst open in transit and scatter the seeds. The
abundance of seeds, together with root sprouts, has made this species very invasive in
8

areas with suitable climate, notably Japan and the eastern United States. Princesstree
occurs throughout much of the eastern United States from Texas to New England where
it can be found growing along roadsides, stream banks and forest edges (Figure 2.6).

Figure 2.5

Foliage of princesstree (Paulownia tomentosa) in the United States.

Photo courtesy of Annemarie Smith, ODNR Division of Forestry, Bugwood.org.

Figure 2.6

Distribution map of princesstree (Paulownia tomentosa) in the United
States by county.

Modified image from EDDMapS. 2017. Early Detection & Distribution Mapping
System. The University of Georgia - Center for Invasive Species and Ecosystem Health.
Available online at http://www.eddmaps.org/; last accessed March 16, 2017.
9

2.1.4

Chinaberry
Melia azedarach, commonly known as Chinaberry, is a deciduous tree that grows

up to 50 feet in height and 2 feet in diameter (Figure 2.7). The leaves are up to 20 inches
long with dark green above the leaves and lighter green below the leaves. The flowers are
small and fragrant producing poisonous yellow berries in spring. The tree is mainly used
for timber production. It is of medium density and its color ranges from light brown to
dark red. Though its timber is valuable, its fruits are poisonous to humans if eaten in
quantity. In Kenya, the trees have been grown by farmers and used as fodder trees. The
leaves can be fed to cattle to improve milk yields and improve the incomes of farmers.
The tree is native to Indomalaya and Australasia and was introduced to the United
States (South Carolina and Georgia) as an ornamental in 1830s and wildly planted in
southern states. However, it sprouts on unwanted spots and turns the sidewalks into
dangerous slippery surfaces when fruits fall. The tree mainly concentrates on
southeastern, south-central and southwestern United States (Figure 2.8).

Figure 2.7

Foliage of chinaberry (Melia azedarach) in the United States.

Photo Courtesy of Emily Earp, FloridaNature.org, Bugwood.org.
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Figure 2.8

Distribution map of chinaberry (Melia azedarach) in the United States by
county.

Modified image from EDDMapS. 2017. Early Detection & Distribution Mapping
System. The University of Georgia - Center for Invasive Species and Ecosystem Health.
Available online at http://www.eddmaps.org/; last accessed March 16, 2017.
2.1.5

Chinese tallow
Triadica sebifera, commonly known as tallow tree, is a deciduous tree up to 60

feet in height and 3 feet in diameter with heart-shaped leaves (Figure 2.9) (Lankau et al.
2004). These leaves are bright green in color and turn yellow, orange, purple and red in
autumn. The tree is monoecious, producing male and female flowers on the same plant.
Fruits are three-lobed, three-valved capsules. As the capsules mature, their color changes
from green to a brown-black. The tree is quite productive and a single tree can produce
nearly 100,000 viable seeds annually. It is useful in the production of biodiesel because it
is the third most productive vegetable oil producing crop in the world, following algae
and oil palm.
It is native to eastern Asia, most commonly eastern China and Japan and now is
documented as a noxious invader in the southern U.S. The tree was introduced to South
Carolina in the 1970s and encroached on the Gulf Coast during the early 1990s in large
11

numbers. The tree is a highly ornamental and fast growing shade tree. However, it is
shade tolerant, flood tolerant and allelopathic. Due to these characteristics, it invades
stream banks, riverbanks, and wet areas, changes local ecosystems and creates a
monoculture. The monoculture then lowers species diversity and overall resilience of that
area. In the United States, it occurs from North Carolina south to Florida and west
through Louisiana and Arkansas to Texas (Figure 2.10).

Figure 2.9

Foliage of Chinese tallow (Triadica sebifera) in the United States.

Photo courtesy of Cheryl McCormick, University of Florida, Bugwood.org.
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Figure 2.10

Distribution map of Chinese tallow (Triadica sebifera) in the United States
by county.

Modified image from EDDMapS. 2017. Early Detection & Distribution Mapping
System. The University of Georgia - Center for Invasive Species and Ecosystem Health.
Available online at http://www.eddmaps.org/; last accessed March 16, 2017.
2.2

Literature Review for Ecological Factors
There has been a lot research focusing on the relation between ecological factors

and exotic plant invasions. Elevation has been cited as the most common influence factor
in invasion analysis (Dark 2004; Gan et al. 2009). Flory and Clay (2006) included
successional age into the analysis of invasive shrubs in Indiana. Forest type and natural
disturbance were widely used as influence factors (Fan et al. 2012; Hussain et al. 2008).
Site productivity and growing stock reflected the site conditions of forest plots and have
usually studied (Hussain et al. 2008). In this part, elevation, stand age, forest type, natural
disturbance, site productivity and growing stock were reviewed.
2.2.1

Elevation
Elevation has been cited as an important factor that contribute to distribution of

alien plant species (Dark 2004; Sax 2002). Dark (2004) incorporated elevation into
13

analysis and studied the relationship between alien plant species distribution and native
plant species richness, road density, population density, elevation, area of survey unit and
precipitation using ordinary least squares (OLS) regressions and spatial autoregressive
(SAR) models. Outcomes for exotic plant species distribution from OLS model showed
that native plant species richness and elevation were significant while that from SAR
model showed that elevation, road density and native species richness were significant.
Their study found that elevation had a significant negative effect on the number of
invasive species in both models, which indicated that invasions were less prone to
distribute in higher elevation area. Elevation was also found to be negatively associated
with the presence of Chinese tallow in southern United States (Gan et al. 2009). They
also noted that nearly 80% of existing of tallow invasions occurred at elevations lower
than 165 feet.
2.2.2

Stand age
Flory and Clay (2006) also performed experiments in 14 forested sites throughout

central and southern deciduous forests in Indiana, USA, and suggested that greater
densities of exotic species were found in young and mid-successional forests than mature
forests. They defined forests as “young” if they were less than 30 years old; “midsuccessional” if they were 30-60 years old; “mature” if they were over 60 years old.
Young forests usually have higher light penetration, fewer competitors from exterior
disturbance, and better sanitary conditions than old forests while mature forest interiors
usually have lower temperatures, higher humidity, and darker environment than outside
(Brothers and Spingarn 1992; Flory and Clay 2006; Leuschner 2002; Levine and Feller
2004). Flory and Clay (2006) found that greater invasive shrub densities in young and
14

mid-successional forests than other forests and exotic shrub stems in mature forests were
approximately 70% fewer than in young and mid-successional forest.
Hussain et al. (2008) used the average age of trees in the predominant stand size
class of the condition as an influence factor in their zero-inflated negative binomial
model analysis. They found that stand age had no effect on invasive trees’ presence but
had a significant negative effect on the abundance. This finding coincided with Flory and
Clay (2006). Gan et al. (2009) reported that invasions were less likely in mature forest
stands than in young ones. Webster et al. (2006) also noted that the stable species
composition in older forests might make it less susceptible to invasion.
2.2.3

Forest type
Hussain et al. (2008) examined effects of forest type, which included natural pine,

oak pine, planted pine, upland hardwood and lowland hardwood on tree invasion on
Alabama forestland using Forest Inventory and Analysis (FIA) data. Every forest type
was coded as a dummy variable and lowland hardwood was the reference level. Several
mixture probability models were compared and zero-inflated negative binomial model
was selected based on likelihood ratio test. They analyzed the relation between forest
types and the occurrence and abundance of invasive tree species in Alabama and found
that the forest type, especially planted pine, was most significantly associated with
invasive species’ occurrence while not significantly related to abundance. As revealed by
an odds test, plots with planted pine were 171% less likely to be infested with invasive
trees. They proposed a plausible explanation that pines are generally planted on fertile
sites and landowners would clear any species that inhibit the growth of planted pines.
15

Fan et al. (2012) studied factors associated with the occurrence of Chinese Tallow
in East Texas forestlands from 2004 to 2008 using an autologistic regression model.
Forest type including longleaf/slash pine group, loblolly/shortleaf pine group (reference
group), oak/pine group, oak/hickory group, oak/gum/cypress group and
elm/ash/cottonwood group was considered as a contributing factor. Their study found that
oak/gum/cypress group had a positive effect on the occurrence of Chinese Tallow at the
5% significance level.
2.2.4

Natural disturbance
Fan et al. (2012) proposed that disturbance events such as harvesting or natural

disasters could be a factor in promoting spread of Chinese tallow tree because the
ecosystem was unbalanced and resources such as light and nutrients were released for
colonization and establishment after disturbance. Specially, they proposed that hurricanes
could be an important factor promoting the spread of Chinese tallow tree along the Gulf
Coast in Mississippi. Extreme weather such as hurricanes could change or enhance the
dispersal pattern of invasive species to regions that received few propagates before
(Chapman et al. 2008). Bellingham et al. (2005) surveyed the exotic tree Pittosporum
undulatum in Jamaican mountain rain forests and concluded that invasion was
accelerated after damage caused by hurricane.
Prescribed burning may be another disturbance factor that has an impact on the
non-indigenous invasive species. Emery and Gross (2005) discovered that annual
summer burning had significantly reduced the population growth rate of spotted
knapweed (Centaurea maculosa) by reducing reproduction. This was because spotted
knapweed (Centaurea maculosa) started to flower during the period when summer
16

burning had the greatest effect. Christen and Matlack (2009) examined effects of
prescribed fire on the process of invasion in temperate-zone deciduous forest. They
discovered that both high- and low-intensity fire treatments could promote the
germination for Japanese stiltgrass or Nepalese browntop (Microstegium vimineum) and
high-intensity fires under the canopy gaps would have the greatest effect on seedling
growth in first and following second years. Therefore, they inferred that prescribed
burning and other canopy-opening management practices could facilitate invasion by
providing establishment and growth conditions. Regardless of the fact, prescribed fires
might also have other functions to exotic plant invasion. Grace (1998) stated that
prescribed fires were viewed as a way of controlling tallow tree along the coastal plain
from Louisiana to southern Texas for the theory that tallow tree below some critical size
was vulnerable to fire. One key characteristic of Chinese tallow was its strong resprouting ability from basal shoots or main axis, so intensive and frequent prescribed
fires should be implemented to effectively control of the spread of tallow tree.
2.2.5

Site productivity
Forest Inventory and Analysis (FIA) provided site productivity measured in cubic

feet/acre/year with seven classes: (1) 225+, (2) 165-224, (3) 120-164, (4) 85-119, (5) 5084, (6) 20-49, (7) 0-19. FIA plots with site productivity classes (1) and (2) were
aggregated into high productivity class, plots with classes 3 and 4 were aggregated into
medium productivity class, plots with classes 5, 6 and 7 were aggregated into low
productivity class (Hussain et al. 2008). Low site productivity was used as the reference
level. Empirical results from zero-inflated models showed that site productivity was not
associated with occurrence of invasive tree species on Alabama forestlands while high
17

site productivity had a significant positive effect on abundance. Tan (2011) noted that site
productivity might contribute to extending their invaded area and expanding population
in medium or later stages of invasion process. Same aggregation classes were used and
low site productivity was used as the reference level. Using autologistic regression
model, they found that high and medium site productivity had positive signicant effects
on the occurrence of Chinese privet and Nepalese browntop. Gan et al. (2009) also noted
that site productivity was not crucial in the early stages of Chinese tallow invasion but
higher productivity furthered expansion after initial establishemtn.
2.2.6

Growing stock
FIA provided growing stock with five categories: overstocked (100%), fully

stocked (60-99%), medium stocked (35-59%), poorly stocked (10-34%) and nonstocked
(0-9%). FIA plots with over and fully stocked were reclassified as fully stocked, plots
with medium stocked was left as medium stocked, plots with poorly stocked and
nonstocked were reclassified as poorly stocked (Hussain et al. 2008). Poorly stocked
stands were used as the reference level. Compared to poorly growing stock, fully and
medium growing stock strongly influenced invasive trees’ abundance positively though it
had no association with occurrence (Hussain et al. 2008). Tan (2011) used same
aggregation method but instead of poorly stock fully stocked was used as the reference
level. Compared to fully stocked, poorly and medium stocked influenced occurrence of
Chinese privet and Nepalese browntop positively (Tan 2011).
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2.3

Literature Review for Economic factors
Besides the above ecological factors, there were also socioeconomic factors

including road density, type of ownership, wildland urban interface (WUI), population
density and per capita mean annual income that might influence the spread and
distribution of invasive plant species because economic activities usually had a
fundamental impact on exotic species invasion (Hussain et al. 2008; Pimentel et al. 2005).
2.3.1

Road density
Some studies have discussed the contribution of roads to non-native plant species

invasion (Gelbard and Belnap 2003; Watkins et al. 2003). Roads usually serve as
corridors for invasions due to its increased exposure to disturbance and vehicle traffic.
Meanwhile roadsides are ideal habitat for invaded plant species because these areas
provide corridors or create disturbances for invasions (Parendes and Jones 2000; Watkins
et al. 2003). Flory and Clay (2006) studied 14 forested sites that located at least 1
kilometer (km) apart and all sites were located within 800 meter (m) of known exotic
shrub invasions in central and southern Indiana within 100 kilometer of Bollmington,
Indiana. They found that densities of exotic shrubs were higher at 0 m than 10, 20, 30 m
from the roads and there were 46% fewer stems of invasive tree species per square meter
at 10 m from the road than at 0 m from the road. They also found that densities of four
out of seven exotic shrub species declined with increasing distance to the nearest road.
Also, Gelbard and Harrison (2003) measured the populations and covers of nonnative and native plant species on 92 sites at distances of 10 m, 100 m and over 1000 m
to road and found that exotic forb species were least abundant in the most distant sites. A
similar conclusion was found by Christen and Matlack (2009). Christen and Matlack
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(2009) compared the abundance of three non-native plant species in 100 m transects
along the roads with transects in undisturbed forest in deciduous forest sites in
southeastern Ohio, USA. Their study found that all three species were more frequently
observed and abundant along the roadsides and micro-distributions suggested that spread
along the road axis was facilitated by movement of dormant seeds in road maintenance.
Finally, they concluded that were not only corridors but also habitats for exotic plant
species.
2.3.2

Type of ownership
Hussain et al. (2008) studied the impact of ownership on occurrence and

abundance of invasive tree species on Alabama forestland. They treated type of
ownership as a dummy variable, dummy = 1 if a plot was on private forestland and
dummy = 0 for others. The effect was positively significant on abundance while
negligible on occurrence. A plausible explanation might be that private landowners
would more emphasize on the timber production so they would remove any other
competitive species.
Gan et al. (2009) incorporated forestland ownership as an influence factors of
invasive tallow tree in southern U.S. and recoded public forestlands as 0 private
forestlands as 1. Using logistic regression, land ownership was proved to have a positive
effect on tallow tree invasion in southern U.S. forestlands. They suggested two reasons
for the higher probability of finding tallow tree on private than public forestlands: 1)
private lands were less closely monitored and managed, more frequently harvested and
covered with younger trees than public lands (Smith et al. 2004); 2) the lack of policy
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incentives for private landowners to implement invasion prevention and mitigation
(Colton and Alpert 1998).
Private forests occupy 56% of the nation’s forestland, out of which 62% are
owned by individuals and families, often referred as nonindustrial private forest (NIPF)
owners (Fischer and Charnley 2012). In most cases, those private forestlands are in areas
having low elevation, high population, dense rivers, and roads. Their realization of
control of invasive plant species was much more difficult for the increasing parcelizations
of forestland recently in the United States of America and invasion would happen in
larger scale if control was not done in neighboring small forestlands.
2.3.3

Population density
Gavier-Pizarro et al. (2010) studied the factors related to invasive exotic species

distribution in New Zealand, U.S.A and included population density as one of human
influence factors. Population density was found as a good predictor of exotic species
richness (Gavier-Pizarro et al. 2010; McKinney 2002a, 2004).
Several studies had shown the positive relation between population density and
exotic species richness (McKinney 2002a; Pautasso and McKinney 2007; Qian and
Ricklefs 2006). McKinney (2002a) incorporated population density as a derivative
variable (population/area) to study the effects of human activities on species richness
within the United States. Multiple regression analysis showed that population density was
the best predictor for net plant species richness gain. Specially, population density was
strongly positively correlated with non-native plant species. Qian and Ricklefs (2006)
stated that the size of human population was positively related to the richness of exotic
species while it was less closely associated with the number of native species. They
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suggested that the number of exotic species was more closely related with the size of
human population than with ecological conditions. The research by Pautasso and
McKinney (2007) also confirmed that higher population size contributed to plant species
richness especially exotic species. Population density was also used as a potential
influence factors in study by Dark (2004) and Fan et al. (2012).
2.3.4

Per capita mean annual income
Per capita mean annual income was included in the research by Gavier-Pizarro et

al. (2010) because wealthy neighborhoods were associated with more intense gardening
and greater plant diversity (Hope et al. 2003). Gavier-Pizarro et al. (2010) found that
income was positively related to invasive exotic plant richness while road density and the
area of agriculture did not play a major role. They suggested that income functioned as a
proxy measure of socioeconomic activities that favor plant invasions. Hope et al. (2003)
surveyed perennial plant generic (including both exotics and natives) richness across the
entire Central Arizona-Phoenix long-term ecological research area and incorporated
socioeconomic factors including median income to explain richness. Pearson residual
revealed no spatial autocorrelation, thus quasilikelihood techniques were applied. The
results showed that the spatial variation in plant distribution could be explained by a
combination of land use, elevation, median family income, and whether the site had ever
been farmed. Neighborhoods with incomes above median family income had twice
invasive plant diversity than those less wealthy areas.
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2.3.5

Wildland-urban interface (WUI)
Housing can be viewed as a negative human disturbance and housing growth in

the United States unexpectedly increased to 13.6 million new building solely in 1990s
(Gavier-Pizarro et al. 2010). The wildland-urban interface (WUI) was the place where
natural wildland vegetation meet housing. WUI included two distinct housing patterns
intermix housing, where housing and vegetation co-occured, and interface housing,
where housing is close to vegetation (Gavier-Pizarro et al. 2010; Stewart et al. 2003).
Gavier-Pizarro et al. (2010) found that housing variables could better explain invasion
than environmental and other human variables. Besides, among the housing variables, the
amount of interface WUI of low-density residential area and change in housing units
between 1940 and 2000 were more significant at the 5% significance level. They believed
that the positive relationship between exotic plant species richness and housing had two
processes, which involved accidental introduction of propagates into areas near houses
and favorable microhabitats created from housing development. McKinney (2002b)
stated that the growth rate of urban land use was greater than parks due to increase of
suburban housing and it opened new habits for nonnative plant and animal species. They
also believed that accumulation rate of new species was very rapid at first and slowed
down after the following several years.
2.4

Literature review for statistical models
One common characteristic of count data for rare species was that there were

many more zero values than would be expected, which would pose challenges because
distributional assumptions including normality could not be fulfilled for standard
statistical analysis and over-dispersion (i.e., variance > mean) would be the common case
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(Cunningham and Lindenmayer 2005). Statistical methods to deal with data for invasive
plant species varies a lot. When studying ecological and socioeconomic factors of
invasive tree species on Alabama forestlands, Hussain et al. (2008) compared mixture
probability models including zero-inflated Poisson model, zero-inflated negative
binomial model, Poisson hurdle model and negative binomial hurdle model and zero
inflated negative binomial model was prioritized to deal with excessive zeros. In this
way, presence and abundance could be analyzed simultaneously. Moran’s I test for
spatial autocorrelation indicated a significant spatial dependence for the presence and
abundance of invasive tree species both at plot and county levels, therefore Dark (2004)
applied spatial autoregressive (SAR) models to assess the relation between exotic plant
species distribution and native plant species richness, road density, population density,
elevation, area of sample unit and precipitation in California. Gan et al. (2009) used
logistic regression model to study influence factors contributed to the presence of
Chinese tallow in southern U.S.
The choice of model depends on the characteristic of data. If there is spatial
dependency, spatial autoregressive models should be preferred. If there is no spatial
autocorrelation and excessive zeros, then mixture probability models might be a better
choice. In this research, a Moran’s I test was done earlier and it showed significant spatial
autocorrelation. Thus, spatial autoregressive models should be reviewed and used for
analysis.
2.4.1

Classification and regression trees (CART)
Ecological data are usually complex, skewed and contain missing values.

Classification and regression trees (CART) are an ideal tool to solve complex ecological
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data (De'ath and Fabricius 2000; Steinberg and Colla 2009). Classification and regression
trees (CART) use a binary decision tree as a predictive model. The tree is called
classification tree if the dependent variable takes categorical value while it is called
regression tree if the dependent variable takes continuous values. CART splits original
data into two exclusive subsets based on an attribute value and this process is repeated on
each divided subset in recursive partitioning (Fan et al. 2006; Lewis 2000; Yohannes and
Hoddinott 1999). The object is to partition the response into homogeneous groups (De'ath
and Fabricius 2000; Ripley 2005). Trees are represented graphically. Each leaf represents
one of the final groups and each interior node represents one of the input variables
(De'ath and Fabricius 2000; Rokach and Maimon 2014).
There are several major advantages of CART as below (Praagman 1985):
(1) Fast computations
(2) Invariant under monotone transformation of variables
Scaling doesn’t matter
Immune to outliers in x
(3) The explanatory variable can be categorical, continuous or both.
(4) Resistant to irrelevant variables, so lots of variables can be thrown into it
(5) Handle missing data by keeping track of surrogate, or highly correlated,
backup splits at every node
At the same time, there are some disadvantages of using CART :
(1) Each subsequent split depends on previous ones, so an error in a higher split is
propagated down
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(2) Not robust, a small change in the training data can result in a great change in
the tree
2.4.2

Spatial autoregressive (SAR) models
One assumption of ordinary least squares (OLS) regression models is spatial

independence. If sample units are contiguous, the data would violate the spatial
independent assumption. Spatial autocorrelation is a common phenomenon in ecological
data. In addition, Tobler’s first law of geography stated that all places are related but
nearby places are more related than distant places (Tobler 1979). Dark (2004) created a
distribution map of invasive plant species richness by ecoregion, providing an
opportunity to explore potential factors that may influence their spatial distribution at a
large scale. They used Moran’s I test to test spatial dependency and results were
significant for both invasive and noninvasive exotic species, thus spatial autoregressive
(SAR) models were used.
When applying spatial models, the structure of spatial dependence and type of
spatial weights must be determined first. Which SAR model should be used depends on
the nature of spatial dependence. There are two dependent forms, error dependence and
lag dependence, and correspondingly two SAR models, that is spatial error model and
spatial lag model.
The spatial error (SARerr) model assumes that spatial dependence influences the
error term only. The SARerr model is complemented by adding an extra term ( W  )into
ordinary least square (OLS) model ( y  X    ). It has the following form:
y  X   W   
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(2.1)

Where  is the spatial autoregression coefficient, W is the spatial weight matrix, ɛ
is the error term in OLS model,  is the new error term.
The spatial lag (SARlag) model assumes that autocorrelation occurs in the
explanatory variable only and thus includes a term (  Wy ) for the spatial autocorrelation
in the explanatory variable. The SARlag model takes the following form:
y   Wy  X   

(2.2)

Where  is the spatial autoregression coefficient.
Lagrange Multiplier tests are usually used to identify the form of spatial
dependence.
To use SAR functions, neighborhood distance should be specified first. There are
three kinds of neighbors: contiguity based neighbors, k nearest neighbors and specified
distance neighbors. Contiguity based neighbors usually share common boundaries; k
nearest neighbors usually need to specify how many neighbors to include; specified
neighbors involve a distance specification. Once a list of neighbors has been created,
spatial weights should be assigned. There are two weight matrixes: row-standardized and
binary weights. Row standardized weight matrix divides each neighbor weight for a
feature by the sum of all neighbor weights, which increases the influence of links from
observations with few neighbors. Binary weights vary the influence of observations,
which up-weighted those with many neighbors. Row standardized weight matrix is more
commonly used when there are unequal numbers of neighbors.
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DATA SOURCES
After 2006, Forest Inventory and Analysis (FIA) started the FIA panel system of
collection on a 7-year cycle. To make a more comprehensive and accurate prediction, this
research used a cycle year from 2009 to 2015.
Raw data for independent variables mostly came from FIA collected during year
2009 to 2015. FIA provided data at the plot level for variables including elevation, stand
age, forest type, natural disturbance, site productivity, growing stock, stand origin and
forest ownership. Road data was obtained from the United States Geological Survey,
population and per capita annual income were obtained from U.S. census, wildland urban
interface (WUI) was from Spatial Analysis for Conservation and Sustainability WUI
project. Data for these last four variables were processed and provided at the county
level.
Data for dependent variable, which was the percent covers of invaded plots, was
extracted from Southern Nonnative Invasive Plant data Extraction Tool (SNIPET). To be
consistent, data for target invasive tree species in Mississippi from year 2009 to 2015 was
extracted. Independent variables and dependent variable were combined through the
unique FIA sequence number. R programming software was employed to complete the
analysis.
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When the analysis was at the plot level, the values of these county level data were
assigned to every plot in that county. When the analysis was at the county level,
continuous variables were averaged to represent county conditions and proportion of each
level for categorical variables was used.

29

CHAPTER IV
METHODS
4.1

Methods for spatial autoregressive models at the plot level
Using ArcGIS and SNIPET data source, the distribution map of target invasive

tree species on Mississippi forestlands was created in Figure 4.1. It suggested that
invaded plots with larger percent covers normally concentrated in southern Mississippi,
especially in the coastal area. It seemed that the distribution of selected invasive tree
species in Mississippi had a clear spatial pattern.
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Figure 4.1

Location and percent cover of target invasive tree species per Forest
Inventory and Analysis (FIA) plot from year 2009 to 2015 on Mississippi
forestland based on ArcGIS.

A Moran’s I test for spatial dependence at the plot level was conducted and it
showed a significant positive spatial autocorrelation. It suggested that it was appropriate
to use spatial autoregressive (SAR) models. A Lagrange multiplier diagnostics was
implemented to select a SAR model. The results indicated that the spatial lag model was
better than the spatial error model.
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To use the spatial lag model, a list of neighbors and a spatial weights matrix
should be selected. This analysis was based at the plot level, which meant these
observations were point observations. Thus, only k-nearest neighbor and a specified
distance could be used. Using a series of neighbors as x axis and Akaike Information
Criterion (AIC) values as y axis, a figure showing fits of different neighbors was drawn
in Figure 4.2.

Figure 4.2

A figure showing the trend of Akaike Information Criterion (AIC) values
along the ith neighbors based on a spatial lag model.

As shown from Figure 4.2, with increasing distances, the Akaike Information
Criterion (AIC) values increased sharply at the beginning and slowed down gradually.
Based on AIC selection criterion, the model with lowest AIC value fits best and should
be prioritized. Therefore, the first nearest neighbor would be used as the distance for a list
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of neighbors and row standardized matrix would be taken. The influence factors were
defined as below in Table 4.1.

33

Table 4.1

Variable definition and data sources of ecological and socioeconomic
influence factors contributing to the presence and abundance of target
invasive tree species in Mississippi at the plot level

Site productivity and growing stock are continuous variables and midpoints of each class
are used; forest type, natural disturbance, stand origin and ownership are categorical
variables.
For spatial analysis of presence of target invasive tree species at the plot level,
plots with any percent cover of invasive trees were redefined as 1 while plots with no
percent covers were redefined as 0. For spatial analysis for abundance at plot level,
midpoints of invasive trees’ percent cover were used.
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4.2

Methods for spatial autoregressive models at the county level
A Moran’s I test for spatial dependency at the county level showed that there was

a significant autocorrelation, thus spatial autoregressive models should be employed.
Then a Lagrange multiplier diagnostics supported the choice of the spatial lag model.
This spatial analysis was based at county level, so contiguity neighbors should be used as
a list of neighbors and row standardized matrix can be used as spatial weight matrix.
At the county level, continuous variables including stand age, elevation, site
productivity, growing stock were averaged to represent county levels and the proportion
of each level of categorical variables were calculated, as shown in Table 4.2.
Table 4.2

Variable definition of ecological and socioeconomic influence factors
contributing to the presence and abundance of target invasive tree species
in Mississippi at the county level
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Table 4.2 (continued)

For spatial analysis of presence at the county level, the division of number of
invaded plots by total number of plots for each county was used to represent dependent
variables. For the spatial analysis of abundance at the county level, the division of sum of
percent covers of any invaded plots by total number of plots was used to represent
dependent variables.
4.3

Methods for CART analysis of factors affecting the presence and abundance
The CART analysis of factors contributing to the presence and abundance of

target invasive tree species in Mississippi used the same variable definition methods at
plot level (Chapter 4.1). The most relevant factors contributed to the presence and
abundance of target invasive tree species in Mississippi were selected by CART analysis.
After that, the spatial models could be used to spatially analyze these selected factors.
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CHAPTER V
RESULTS
In this part, important factors affecting the presence and abundance of target
invasive trees in Mississippi identified by CART analysis were presented first. Then
those factored identified by spatial analysis contributing to the presence and abundance of
target invasive tree species in Mississippi at the plot and county levels were presented.
5.1

Important driving factors for the presence and abundance of target invasive
trees in Mississippi
Using presence or absence as the dependent variable, a classification tree showing

most relevant factors was presented below in Figure 5.1. For example, when population
density was less than 25.87 (nearly 26 inhabitants per square kilometer), target invasive
tree species were not expected to be observed in Mississippi. In most circumstances the
more records a variable has an effect on, the greater the importance of the variable. The
CART analysis revealed that the most relevant factors associated with the presence of
selected invasive tree species in Mississippi included population density, elevation, per
capita annual income, and ownership.
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Figure 5.1

A classification tree to reflect most relevant factors affecting the presence
of target invasive tree species in Mississippi from 2009 to 2015

Using the percent covers of plot as the dependent variable, a regression tree
showing the risks of being invaded in Mississippi was presented in Figure 5.2. For
example, if a plot with elevation greater than 75 feet was located in a county with a
population density less than 34.74 (nearly 35 inhabitants per square kilometer), the
probability of this plot being invaded was 0.35%. The CART modeling indicated that
most relevant factors affecting the abundance of target invasive trees in Mississippi
included elevation, population density, per capita annual income, stand age, and growing
stock.
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Figure 5.2

5.2

A regression tree to reflect most relevant factors affecting the abundance of
target invasive tree species in Mississippi from 2009 to 2015

Empirical results of factors affecting the presence of target invasive tree
species in Mississippi at the plot and county level
Empirical results of major factors affecting the presence of target invasive tree

species on Mississippi forestlands at the plot and county levels based on the spatial lag
model were shown below in Table 5.1 and 5.2.
Table 5.1

Empirical results of major factors affecting the presence of invasive trees at
the plot level on Mississippi forestlands based on the spatial lag model

Ecological variables
Elevation
Socioeconomic variables
Ownership (public)
Population density

Coefficient

SE

p value

OR

-0.0001

0.0000

0.0000 ***

0.9999

-0.0256
0.0071
0.0003 **
0.0002
0.0001
0.0914 *
Per capita mean annual income 0.0004
0.0002
0.0054 *
OR, odds ratio; Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01
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0.9747
1.0002
1.0004

In Table 5.1, the significant factors contributing to the presence of target invasive
trees in Mississippi at the plot level included elevation, ownership, population density,
and per capita mean annual income. The coefficients for elevation and public ownership
were -0.0001 and -0.0256 respectively, which meant negative effects on the presence of
invasive trees in Mississippi. Elevation was highly significant (p < 0.01) while ownership
was significant at the 5% significance level. Population density and per capita mean
annual income had positive effects on invasive trees’ presence at the 10% significance
level. As revealed by an odds ratio, for every 1 foot increase in elevation, the odds of a
plot being invaded decreased by 0.01%. The odds of public forestlands being invaded
was nearly 94% as great as private forestlands, which was 6% less likely invaded than
private forestlands. For one unit increase of population density, the odds of being invaded
increase by 1.0002. For $1000 increase of per capita mean annual income, the odds of
being invaded was 1.0004 times more than no invasion.
Table 5.2

Empirical results of major factors affecting the presence of target invasive
trees at the county level on Mississippi forestlands based on the spatial lag
model
Coefficient

SE

p value

OR

-0.0001

0.00006

0.0310 **

0.9999

-0.0645
0.0370
0.0810 *
0.0000
0.0003
0.9967
Per capita mean annual income 0.6700
0.3264
0.0401 **
OR, odds ratio; Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01

0.9375
1.0000
1.9542

Ecological variables
Elevation
Socioeconomic variables
Ownership (public)
Population density

As shown in Table 5.2, three factors including elevation, ownership and per capita
mean annual income contributed to the presence of invasive trees at the county level in
Mississippi. Still the coefficient for elevation was negative, which indicated a negative
40

significant effect. Compared to empirical results of factors affecting the presence at the
plot level, it was not surprising that per capita mean annual income still has positive
effects at 10% significance level. The proportion of public forests in Mississippi still
contributed to the presence of invasive tree species in Mississippi negatively. However,
population density was not an important factor. The odds ratio of elevation at the county
level equaled that of the plot level, which meant they had the same effect. At the county
level, the odds of public forestlands being invaded was 0.9375 times as great as private
forestlands. Counties with per thousand dollars increase of per capita mean annual
income were 95.42% more likely to be infested with invasive tree species holding other
variables constant.
5.3

Empirical results of factors affecting the abundance of target invasive trees
species in Mississippi at the plot and county level
Empirical results of major factors affecting the abundance of invasive trees

species at the plot and county levels on Mississippi forestlands were shown below in
Table 5.3 and Table 5.4.
Table 5.3

Empirical results of major factors affecting the abundance of target
invasive trees at the plot level on Mississippi forestlands based on the
spatial lag model

Ecological variables
Stand age
Elevation
Growing stock
Socioeconomic variables
Population density

Coefficient

SE

z value

p value

-0.00013
-0.00002
-0.00007

0.0000
0.0000
0.0000

-4.6994
-4.7511
-3.3686

0.0000 ***
0.0000 ***
0.0008 ***

0.6129
2.5181

0.5399
0.0118**

0.00002
0.0000
Per capita mean annual income 0.00008
0.0000
Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01
41

Seen from Table 5.3, four factors including stand age, elevation, growing stock,
and per capita annual income have influenced the abundance of invasive trees at the plot
level in Mississippi. The coefficients for stand age and elevation were -0.00013 and
-0.00002 respectively and p values of them were both less than 0.01. It suggests that
stand age and elevation had high significant negative effects on the abundance of
invasive tree species in Mississippi at the plot level. Growing stock was indicated to have
a negative effect on abundance at 1% significance level. Compared to the empirical
results of invasive trees’ presence, the coefficient of per capita mean annual income was
still positive. Per capita mean annual income still worked as a significant factor while
population density was not significant any more at the plot level.
Comparing the coefficients of significant factors, stand age was found to have the
greatest absolute value, which suggested the greatest contribution to the percent cover of
invasive tree species in Mississippi. If the forest was one year older, the percent cover of
invasive tree species in this plot would decrease by 0.013%.
Table 5.4

Empirical results of major factors affecting the abundance of target
invasive trees at the county level on Mississippi forestlands based on the
spatial lag model

Ecological variables
Stand age
Elevation
Growing stock
Socioeconomic variables
Population density

Coefficient

SE

Z value

p value

-1.5629
-0.0962
0.0248

0.6470
0.0457
0.6438

-2.4156
-2.1054
0.0385

0.0157 **
0.0353 **
0.9693

-0.0069
1.3569

0.9945
0.17481

-0.0014
0.2008
Per capita mean annual income 294.5935
217.1067
Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01
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As can be seen from Table 5.4, stand age, elevation had significant negative
effects on the abundance of invasive trees in Mississippi at the 5% significance level at
the county level. When comparing from the coefficients, stand age had the greatest
impact on the percent cover of invasive tree species in Mississippi at the county level,
which was consistent with the finding at the plot level. Besides, there were fewer
significant factors at the county level than plot level.

43

CHAPTER VI
DISCUSSION
Among the variables evaluated, elevation had a negative effect on the presence
and abundance of invasive tree species in Mississippi whether at the plot or county level.
This finding was consistent with Dark (2004). They found that elevation had a significant
relationship with the number of invasive and noninvasive alien species. The negative
relationship between elevation and the number of exotic plants had been documented in
some studies. Sax (2002) found that the distribution of naturalized exotic species in Chile
was highly associated with elevation and species richness. Gan et al. (2009) also found
that the occurrence of Chinese Tallow in southern United States was negatively related to
elevation. Possible explanation might be that there were fewer appropriate plant species
that could be introduced to higher elevation areas (Rejmánek and Randall 1994). Another
possible explanation was that the decline of elevation did not limit precipitation or some
other variables related with elevation could compensate for water (Sax 2002). In
Mississippi, the elevation ranges from sea level at Gulf Port to 806 feet in northeast hills,
which may support the second explanation.
It was not surprising that stand age had negatively influenced the abundance of
invasive tree species both at the plot and county levels. The negative relation indicated
that invasive trees were prone to be abundant in young forests. Flory and Clay (2006)
discovered that stem densities of exotic shrub stems were higher in young and mid44

successional forests than mature forests. Older forest communities were believed to be
more resistant to exotic plant establishment while younger communities were more
vulnerable to invasion in old fields in Minnesota (Inouye et al. 1987). Light availability
might be the limiting factor because it was reported to vary with stand age (Flory and
Clay 2006; Levine and Feller 2004).
Per capita mean annual income was found to have a positive effect on the
presence of invasive tree species both at plot and county levels and the abundance at the
plot level. The original introduction purposes of invasive trees might explain the positive
relation between income and presence. Most invasive species were introduced to the
United States as ornamentals while some were introduced accidentally through
international trade. It was possible that there were more gardening in rich areas than poor
areas, which confirmed the discovery by Gavier-Pizarro et al. (2010). They found per
capita mean annual income was positively related to invasive exotic plants richness and
suggested that income functioned as a major socioeconomic factor that favor plant
invasion. Besides, in higher income areas, there was usually more transportation and
commerce, which contributed to the spread of invasion. Besides, Hope et al. (2003) found
neighborhoods with income above the median family income had twice the plant
diversity than those less wealthy areas.
Population density was revealed to influence the presence of invasive trees
positively at a 10% significance level at the plot level. It agreed partly with the study by
Gavier-Pizarro et al. (2010). They included population density to account for human
effects including disturbance and spread of propagules due to biking, trekking, hunting,
road use and found a positive relation between exotic species richness and population
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density. Human population size was highly correlated with exotic plant diversity and this
pattern occurred because most nonnative plants were exported for landscaping, farming
and other uses ultimately linked to human settlements (McKinney 2001). In one trial of
the research, the effect of the interaction term of population density and per capita mean
annual income on the abundance of invasive trees was studied. It showed that the
interaction term still had a significant effect but negatively. In this way, we may speculate
that income and population density might influence invasion through similar channels
because they were closely related.
Public ownership had significant negative effects on the presence of invasive trees
both at the plot and county levels. The negative relationship suggested that invasions
were more likely to occur on private forestlands. This finding is consistent with the
research of tallow tree in southern U.S. by Gan et al. (2009). They proposed that private
lands were less closely monitored and managed, more frequently harvested, and covered
with younger trees than public lands (Smith et al. 2004). It was also possible that there
was a lack of policy incentives for private landowners to implement invasion prevention
and mitigation (Colton and Alpert 1998). In Mississippi, 81% of forests are owned by
nonindustrial private landowners. It is quite possible that most landowners in Mississippi
have their jobs and inherit several acres of forest from their parents or grandparents.
Their initial intention is not to get monetary benefits, neither do they have professional
knowledge to manage.
Growing stock negatively influenced the abundance of invasive tree species in
Mississippi at the plot level, which contradicted with the study by Hussain et al. (2008).
Compared to low growing stock, medium and fully stocked plots are positively
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associated with the abundance of invasive trees on Alabama forestlands while not related
with the presence (Hussain et al. 2008). They proposed that the possible reason might be
some invasive trees in Alabama were shade tolerant. However this finding agreed with
Tan (2011). Compared to fully stocked, poorly and medium stocked stands influenced the
occurrence of Chinese privet and Nepalese browntop positively (Tan 2011). Therefore,
we may suspect that the target invasive tree species in Mississippi are shade intolerant.
To support the hypothesis of shade intolerance nature of invasive trees in
Mississippi, the shade tolerance ability of these five target invasive trees were reviewed.
The shade intolerance (i.e. light loving) characteristic of tree-of-heaven predicts that treeof-heaven grows best in full sunlight, and at times, partial sunlight, and demonstrates best
growth on open, disturbed sites. Mimosa grows best in full sun but tolerants some shade
(Norcini and Aldrich 2009). Princesstree is an early successional species that is strongly
intolerant of shade. (Grime 1966; Longbrake 2001; Williams 1993). One review
indicated chinaberry is not shade tolerant, but it is unclear if chinaberry occurs as a shade
intorelant or shade tolerant. Although Chinese tallow survives and grows in shade, it
generally performs better in sunlight. In a floodplain forest in eastern Texas, Chinese
tallow mortality increased from about 0.05% at 10% full sunlight to 5.3% at 0.1% full
sunlight (Lin et al. 2004). The shade intorelant nature of these invasive trees in
Mississippi made the negative relation between growing stock and abundance reasonable.
Comparing the odds ratios of factors affecting the presence of invasive tree
species in Mississippi, the contributions of influence factors were clarified. Seen from the
odds ratio values at the plot level, public ownership had the greatest effect on the
presence of invasive tree species. Compared from odds ratios at the county level, income
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made the greatest contribution of plots being invaded. Though elevation had positive
effects on the presence of invasive tree species in Mississippi, the odds ratios of elevation
at plot and county levels were close to 1, which suggested a minor contribution.
Comparing the coefficients of factors affecting the abundance of invasive tree
species in Mississippi, stand age had the greatest absolute value of coefficient both at the
plot and county levels. The coefficient of stand age at the plot level was -0.00013, which
suggested that for a one year increase in stand age, there would be 0.00013 decrease of
percent covers of invasive tree species in Mississippi. The coefficient of stand age at the
county level was -1.5629, which suggested that if the forest in a county was one year
older, the weighted percent cover of invasive tree species across the county would
decrease by 1.5629.
There were some advantages of this study. Research studying ecological influence
factors of exotic species have been a lot, but there was not enough study of
socioeconomic factors. Gan et al. (2009) used variables including landscape features,
climate conditions, forest and site conditions, forest management activities and
disturbances and forestland ownership. Dark (2004) incorporated number of natives, road
density, population density and elevation into analysis. Besides ecological factors, this
research considered more comprehensive socioeconomic factors including road density,
type of ownership, population density, per capita mean annual income and wildlandurban interface into consideration. In addition, many variables were of mariginal
relevance and the distribution of ecological data was not normal. Classification and
regression trees (CART) analysis helped select most relevant factors without any prior
knowledge or assumption of the data distribution.
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Another advantage of our research was the choice of the spatial lag model.
Hussain et al. (2008) incorporated ecoregion as an explanatory variable to minimize the
effect of spatial dependency. This research improved on that. The spatial lag model
enabled it to eliminate spatial autocorrelation and analyze influence factor spatially.
Besides, this research was implemented both at plot and county levels. The spatial
analysis at plot level would reflect more details of invasion information while that at
county level was more practical for management purposes. At last, this study treated
presence and abundance as two distinct phenomena. Seen from the results above, factors
affecting the presence and abundance of invasive trees in Mississippi were not the same.
Based on this research, we would expect landowners or foresters distinguish which forest
plots were more susceptible to invasion and which forestlands were more suitable for the
growth of invasive tree species in Mississippi. If more efforts were focused on these most
vulnerable plots, the prevention and eradication of invasive tree species in Mississippi
could be implemented in the most cost-effective way.
Meanwhile, there were some drawbacks in this research. Future research would
be improved if private ownership could be further divided into industrial and
nonindustrial private ownership because industrial and nonindustrial forestlands usually
have different management objectives. Future studies would also benefit if they analyze
one specific invasive tree species instead of all invasive tree species in Mississippi. Even
though these invasive trees had a lot common characteristics, the invasion pattern and
degree might differ. Disturbance could be redefined by including harvesting or thinning
and their implementation timing because they may have different impacts on presence
and abundance. Besides the variables would lose some information when they are
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aggregated into plot or county level. Future research would be improved if data were at
the same level.
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CHAPTER VII
CONCLUSION
The primary objective of this research was to identify important ecological and
socioeconomic factors related to the presence and abundance of invasive tree species in
Mississippi. The second objective was to spatially analyze how important factors
contributed to the presence and abundance of invasive tree species both at the plot and
county levels.
Using classification and regression trees (CART) analysis, four factors affecting
the presence of invasive trees in Mississippi were identified including elevation,
ownership, population density and per capita mean annual income and five factors
affecting the abundance of invasive trees in Mississippi including stand age, elevation,
growing stock, population density, per capita mean annual income.
When analyzing invasive trees’ presence at the plot level, four factors were found
to have significant effects including elevation, ownership, population density and per
capita annual income. Elevation and ownership had negative effects, population density
and per capita annual income had positive effects. When analyzing invasive trees’
presence at the county level, three factors were found to be significant including
elevation, ownership and per capita mean annual income. Elevation and public ownership
had negative impacts, per capita annual income had a positive impact, site productivity
and population density were not significant.
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Empirical results of invasive trees’ abundance analysis at the plot level indicated
that stand age, elevation, growing stock and per capita annual income contributed to the
increased abundance of invasive trees in Mississippi. Elevation, stand age and growing
stock were negatively related to abundance, per capita annual income positively
influenced abundance, population density did not have a significant influence. Empirical
results of abundance analysis at the county level suggested that stand age and elevation
have significantly influenced the abundance of invasive trees in Mississippi. Elevation
and stand age had positive impacts, growing stock, population density and per capita
annual income had no significant effects.
This study concludes that the presence of invasive tree species in Mississippi is
found in low elevation lands, areas with higher per capita mean annual income, more
populated spots and private forestlands with greater abundance occurs in areas of lower
elevation, higher per capita mean annual income, younger forests and lower growing
stock. With the increasing elevation, invasive tree species in Mississippi have a smaller
chance to establish and spread. Areas with higher per capita mean annual income and
more populated are more vulnerable to invasion and colonization of invasive trees. In
addition, younger forests with lower growing stock are less resistant to the invasion of
exotic tree species. At last, invasions of exotic trees are more likely to occur on private
forestlands.
Our results have several practical implications for monitor and mitigation of
invasive tree species in Mississippi. Since presence and abundance of invasive tree
species were caused by different factors, management prescriptions should also differ.
Efforts to monitor the appearance of invasive trees should target at forestlands with low
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elevation, private ownership, larger population density and higher per capita mean annual
income while efforts to mitigate should be dedicated to plots with low elevation, higher
per capita mean annual income, lower growing stock and younger forests. When foresters
apply management prescriptions in areas with lower elevation and higher income, they
should try to avoid the introduction of invasive species. If these areas have been invaded,
more intense and responsive mitigation actions should be taken. The involvement of
private landowners in prevention and restoration of infested plots would benefits
ecosystem greatly. Increasing the amount of funds to educate private landowners on the
negative impacts of invasive tree species may motive them to engage in more prevention.
In addition, conservation efforts should focus on young successional forests with lower
growing stock.
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